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© A terminal apparatus for full duplex transmission 
of digital data comprising an echo canceller having 
FIR and IIR type filters (1, 2) and also comprising a 
filter convergence controller. The filter convergence 
controller performs its converging operation over 
both of the filters in a first duration of a communica- 
tion starting sequence from the start of transmission 
from a local terminal to a remote terminal to the 
detection of the convergence of the echo canceller 
to a certain extent, stops the converging operation of 
the IIR type filter in a second duration of the com- 
munication starting sequence from the detection of 
the convergence to the detection of synchronization 
with the remote terminal, and again performs the 
converging operation of the both filters in a third 
duration after the detection of the synchronization. 




Rank Xerox (UK) Business Services 



m 



EP 0 519 498 A2 



BACKGROUND OF THE INVENTION 

The present invention generally relates to a 
terminal apparatus for use in a digital subscriber 
line transmission system based on full-duplex 
transmission and, more particularly, to an adaptive 
type echo canceller in such a terminal apparatus. 
In particular, the present invention relates to a 
terminal apparatus which comprises an adaptive 
type echo canceller made up of a finite-duration 
impulse-response (FIR) filter and an infinite-dura- 
tion impulse-response (IIR) filter. 

In a digital subscriber line transmission system 
for full duplex transmission of digital data between 
terminal apparatuses through 2-wire transmission 
lines, each of the terminal apparatuses includes a 
transmit line, a receive line and a hybrid circuit for 
connecting the transmit and receive lines to an 
external full-duplex transmission line. When a 
transmission signal to be transmitted is applied to 
the hybrid circuit within the local terminal, this 
causes impedance mismatching of the hybrid cir- 
cuit, thus generating an echo that is undesirably 
bypassed to the receive line. To avoid this, there 
has been suggested such a technique that an echo 
replica is generated based on the transmission 
signal of the local terminal to cancel the echo 
appearing on the receive line as disclosed in U.S. 
Patent 4,131,767 (issued on December 26, 1978) 
In this prior art. an echo canceller comprises a 
finite-duration impulse-response (FIR) filter and tap 
coefficients of a plurality of taps of the filter are 
converged on the basis of an error signal which is 
generated based on a receive signal received from 
a party remote terminal. 

Also disclosed in U.S. Patent 4.868.874 (issued 
on September 19, 1989) is an arrangement which 
comprises a combination of an FIR type filter for 
suppressing an echo impulse response of a short 
time constant and an IIR type filter for suppressing 
an echo impulse response of a long time constant, 
i.e., an echo tail. Another arrangement is disclosed 
in an article in IEEE Globe'Com '88. 25.2, pp. 778- 
782, entitled "Design Techniques And Performance 
of An LSI-Based 2B1Q Transceiver" (1988) that an 
FIR type fitter comprises a plurality of stages of 
delay circuits connected in cascade and a tap 
output obtained from th^last_stage_pf dela^drogt 
is used as an input of an IIR type filter. 

SUMMARY OF THE INVENTION 
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In a full-duplex transmission system of digital 
data, adjustment of local parameters of a local 
terminal including the sampling phase of a receive 55 
signal is carried out according to the transmission 
line delay of a transmit signal from a remote termi- 
nal. Since the remote terminal to communicate with 



is not fixed but selective, the local parameters must 
be automatically adjusted each time a series of 
data communication with 'the remote terminal is 
started. FIR and IIR type filters making up an echo 
canceller are also provided with means for auto- 
matically converging these filters. That is, adaptive 
filters are employed as these filters. 

Thus, the convergence characteristics of the 
IIR type filter will be important. Since the IIR type 
filter has a long time constant impulse response 
when the filter parameters are unsuitably set, it 
requires a long to attain the correct convergence 
During process for starting the data communication 
with the remote terminal, the IIR filter tends to be 
disturbed with disturbances, such as, a start of the 
reception of a signal transmitted from the remote 
terminal or generation of a discrimination error dur- 
ing the adjustment of sampling phase of a receive 
signal received from the remote terminal. Since the 
discrimination error of the receive signal is gen- 
erated even when the echo canceller is not con- 
verged and thus its echo canceling is insufficient, 
such disturbance generation is caused in a vicious 
circle, which leads to impossibility of the attainment 
of convergence of the IIR type filter for ever. 

In the echo canceller disclosed in U.S. Patent 
4.868.874, the FIR type filter performs its converg- 
ing operation at all times whereas the IIR type filter 
performs its converging operation only when a spe- 
cific pattern is detected in transmission symbols to 
be transmitted from the local terminal. With this 
arrangement, however, the disturbance preventing 
effect and the effect of quickly converging the echo 
canceller are both insufficient. Further, this arrange- 
ment is defective in that this arrangement can be 
applied only to such a data transmission system as 
to use codes having a regularity, e.g., based on 
alternate mark inversion (AMI) coding. The AMI 
coding, which has a regularity in code generation, 
has a redundancy and its code frequency spectrum 
extends to a high frequency band. For this reason, 
when AMI codes are transmitted through such a 
transmission line having a small transmission ca- 
pacity as a telephone subscriber line, a data rate is 
reduced. 

It is an object of the present invention to pro- 
vide a full-duplex data transmission terminal ap- 
paratus which can suitably prevent disturbance 
mixing at the time of starting data communication 
and can quickly converging an echo canceller. 

Another object of the present invention is to 
provide a full-duplex data transmission terminal ap- 
paratus which can suitably converge an echo can- 
celler even when coding having no redundancy and 
having a narrow frequency spectrum band is em- 
ployed. 

In accordance with an aspect of the present 
invention, there is provided a data transmission 
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terminal apparatus which comprises an echo can- 
celler including FIR and IIR type filters and a filter 
convergence controller, and in which the filter con- 
vergence controller performs its converging opera- 
tion of both of the filters in a first duration of a data 
communication starting sequence of a local termi- 
nal from the start of transmission from the local 
terminal to a remote terminal to the detection of 
convergence to a certain extent, stops the converg- 
ing operation of the IIR type filter in a second 
duration of the sequence from the detection of the 
convergence to the detection of synchronization 
with the remote terminal, and again performs the 
converging operation of the both filters in a third 
duration of the sequence after the detection of the 
synchronization. In more detail, both of the FIR and 
IIR filters are converged in accordance with a first 
error signal indicative of a difference between an 
echo on a receive line and a echo replica gen- 
erated by the echo canceller in the first duration; 
the convergence of at least the IIR filter is stopped 
in the second duration; and the convergence of the 
both FIR and IIR filters is converged in accordance 
with a second error signal corresponding to the first 
error signal subjected to a correction with use of an 
estimated value of a far end signal obtained from a 
discrimination value of the receive signal in the 
third duration after the synchronization detection. 

The present invention, further, comprises signal 
reception detecting means for detecting arrival of a 
transmit signal from the remote terminal to the 
local terminal in the second duration to converge 
the FIR filter according to the first error signal in 
the second duration and before detection of the 
signal arrival or according to the second error sig- 
nal in the second duration and after the detection 
of the signal arrival. 

With such an arrangement, it can be prevented 
that the parameters of the IIR filter are shifted to 
their optimum values by a disturbance caused by a 
status change from a status in which only an echo 
of the transmit signal of the local terminal is 
present on the receive line to a status in which a 
transmit signal of the remote terminal is arrived 
thereat or by a disturbance caused by a discrimi- 
nation error of the receive data until the establish- 
ment of the synchronization. Further, since both of 
the FIR and IIR type filters are converged to a 
certain extent in the initial stage of the data com- 
munication starting sequence, the echo canceller 
can be suitably converged in a short time. 

The FIR type filter, which comprises a plurality 
of delay circuits connected in cascade, is arranged 
to multiply outputs of the delay circuits by respec- 
tive tap coefficients to obtain a plurality of tap 
outputs and to add together the plural tap outputs. 
Meanwhile, the IIR type filter comprises a recursive j 
filter which receives on one of the plurality of tap i 



i 



outputs. Accordingly, the convergence of the FIR^j 
type filter is carried out through the successive 
correction of the t^p-coefficients of opes;:of the 
plural tap outputs /hot connected to theCJIR^filter 
5 i while the convergence of the IIR typSrlifter is 
carried out through the successive correction of the 
tap coefficients of ones of the plural tap outputs ! Ji 
connected to the IIR filter. ^ 
Other features of the present invention will be- 
to come obvious from the following explanation with 
reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

75 Fig. 1 is a block diagram of an arrangement of 

an echo canceller in accordance with a transmis- 
sion system of an embodiment of the present in- 
vention. 

Fig. 2 is a block diagram of the transmission 
20 system of the embodiment. 

Fig. 3 is a block diagram of a structure of a net 
echo cancel error estimator in the embodiment. 

Fig. 4 is a block diagram of a structure of a 
controller in the embodiment. : 
25 Fig. 5 is a timing chart for explaining the status 

control sequence of the embodiment. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

30 

An embodiment of the present invention will be 
explained with reference to Figs. 1 to 5. 

Referring first to Fig. 2, there is shown an 
arrangement of a subscriber line data transmission 

35 system in accordance with an embodiment of the 
present invention. In the drawing, a local terminal 
apparatus 37 selects one, 36 in the drawing for 
example, of remote terminals connected to a sub- 
scriber telephone line 22. Thus, full-duplex trans- 

40 mission is carried out between the two terminals. 
The two terminal apparatuses are substantially the 
same and thus explanation will be made as to only 
the local terminal apparatus 37. 

A hybrid 21-2, which is called a 2-wire/4-wire 

45 converter in a narrow sense, connects transmission 
and reception lines 50-2 and 51-2 of the local 
terminal to the subscriber telephone line 22. A 
coder 16-2 converts a binary data received at the 
local terminal apparatus 37 into an encoded signal 

so (for example, based on 2B1Q or 4B3T coding) to 
be transmitted onto the telephone line. In the illus- 
trated embodiment, the 2B1Q coding determined 
by the American National Standards Institute 
(ANSI) is employed. The encoded signal is sent 

55 through the 2-wire/4-wire converter 21-2 to the tele- 
phone line and also sent directly to an echo can- 
celler 15-2. The echo canceller 15-2 suppresses 
part of the encoded signal (to be transmitted from 
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the local terminal to the remote terminal) bypassed 
to the reception side of the local terminal caused 
by the impedance mismatching of the 2-wire/4-wire 
converter 21-2. A sampler 52-2 samples a signal 
on the receive line 51-2 at sampling timing con- 
trolled in phase by a phase locked loop circuit 53- 
2. An equalizer 18-2 suppresses interference be- 
tween codes in the encoded signal received from 
the remote terminal 36 to generate a discriminata- 
ble signal. A siicer 19-2 discriminates the dis- 
criminatable signal equalized by the equalizer 18-2 
and converts it into the original binary data. A net 
echo cancel error estimater 20-2 extracts that part 
of the signal which the equalizer 18-2 or echo 
canceller 15-2 failed to suppress and generates an 
error signal for use of internal coefficient correction 
of the echo canceller 15-2 or equalizer 18-2. A 
controller 17-2 controls a data communication start- 
ing sequence. With such an arrangement, an echo 
in a transmit data enables the prevention of gen- 
eration of an error in the discrimination of the 
receive signal. 

On the other hand, the remote terminal 36 also 
performs substantially the same processing opera- 
tion. A signal received at the remote terminal is 
reproduced as a digital data. 

Shown in Fig. 1 is a structure of the echo 
canceller 15-2 in Fig. 2. The echo canceller 15-2 
comprises a first echo replica generator 1 for gen- 
erating an echo replica for canceling echo compo- 
nents of a finite time corresponding to the number 
of delay circuits, a second echo replica generator 2 
for generating an echo replica for canceling echo 
components following the finite time, and an adder 
7-4 for adding together outputs of the first and 
second echo replica generators 1 and 2. 

The first echo replica generator 1 is made of 
an adaptive FIR type digital filter. Accordingly, the 
echo replica generator 1 may be called and FIR 
type echo canceller. In the illustrated embodiment, 
the echo replica generator 1 includes three delay 
circuits 3-1, 3-2 and 3-3 which are connected in 
cascade and function to sequentially delay the en- 
coded signal 44-2 received from the coder 16-2 in 
Fig. 1. A delay of each of the delay circuits is equal 
to one data period of data transmission. For exam- 
ple, in a subscriber line data transmission system, 
one data period is 12.5 microseconds. An output of 
the delay 3-1 is guided to a multiplier 6-1 to be 
multiplied by a coefficient received from a tap 
coefficient generator 9-1. Similarly, an output of the 
delay 3-2 is multiplied at a multiplier 6-2 by an 
output of a tap coefficient generator 9-2, and an 
output of the delay 3-3 is multiplied at a multiplier 
6-3 by an output of a tap coefficient generator 9-3 
respectively. Outputs of the multipliers are added 
together at an adder 8 which output is then used as 
an output of the first means 1 . 



The tap coefficient generators 9-1, 9-2 and 9-3 
calculate their coefficients by their suitable meth- 
ods in accordance with their data transmission 
stages, that is, the stage of starting transmitting a 
5 data from the local terminal, the stage of receiving 
a transmit signal from the remote terminal which 
starts its transmission in response to a reception of 
the data from the local terminal, and the stage of 
detecting a synchronization pattern from the re- 
70 mote terminal to determine the phase of the re- 
ceived signal. As a result, the respective tap coeffi- 
cients to be multiplied by the outputs of the plural- 
ity of filter links are suitably converged so that the 
output of the adder 8 can cancel the finite time 
75 components of an echo generated at the 2-wire/4- 
wire converter 21-2. The converging operation of 
the tap coefficients as well as the structures of the 
tap coefficient generators therefor and the circuits 
attached thereto will be detailed in the following. 
20 Meanwhile, the second echo replica generator 

2 is made of a primary recursive filter which re- 
ceives one of the tap outputs of the first echo 
replica generator 1. Thus, the echo replica gener- 
ator 2 may be called an IIR type echo canceller. 
25 The echo replica generator 2 has an adder 7-5 
connected to the output of the multiplier 6-3, a 
delay circuit 3-7 for applying a delay corresponding 
to one data period to an output of the adder, and a 
gain controller 4-4 for providing a predetermined 
30 gain to an output of the delay 3-7. An output of the 
gain controller 4-4 is fed back to the adder 7-5 as 
its another input so that the delay circuit 3-7 out- 
puts an echo replica. It is most preferable as in the 
illustrated embodiment that the second echo rep- 
35 lica generator 2 is arranged to generate the echo 
replica with use of the tap output received from the 
last one of the plural stages of filter links in the first 
echo replica generator 1. However, such an ar- 
rangement as to use another tap output of the echo 
40 replica generator 1, in particular, the tap output 
received from one of the filter links close to the last 
stage may be employed, if necessary. Filter pa- 
rameters of the echo replica generator 2 with re- 
spect to the transmit signal depend on the gain of 
45 the gain controller 4-4 and on the tap coefficient of 
the employed tap output (which corresponds to the 
output of the multiplier 6-3, in the present embodi- 
ment). The former, in the present embodiment, is 
fixed so that a filter time constant corresponds 
50 approximately to the time constant of the trans- 
former and terminating impedance of the 2-wire/4- 
wire converter 21-2. The latter is suitably deter- 
mined according to the tap coefficient generator 9- 
3. 

55 Explanation will next be made as to the struc- 

tures and operations of the tap coefficient gener- 
ators and circuits attached thereto. The tap coeffi- 
cient generator 9-1 comprises a multiplier 6-4 for 
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multiplying the output of the delay circuit 3-1 by a 
signal selected at a selector 5-1, a gain controller 
4-1 for providing a predetermined gain to an output 
of the multiplier 6-4, an adder 7-1 and a delay 
circuit 3-4 connected in a loop form for performing 
an integrating operation over an output of the gain 
controller 4-1. The gain of the gain controller, 
though not specifically determined, is set to be 
preferably about 1/4000 so that the output of the 
tap coefficient generator 9-1 can be made suffi- 
ciently small in variation and a time necessary for 
the convergence can be secured. Similarly, the tap 
coefficient generator 9-2 comprises a multiplier 6-5, 
a gain controller 4-2, an adder 7-2 and a delay 
circuit 3-5; and the tap coefficient generator 9-3 
comprises a multiplier 6-6, a gain controller 4-3, an 
adder 7-3 and a delay circuit 3-6. Among these tap 
coefficient generators, the tap coefficient generator 
9-1 for providing a tap coefficient to the first stage 
tap output and the tap coefficient generator 9-2 for 
providing a tap coefficient to the second stage tap 
output define only the filter parameters of the FIR 
type echo canceller 1. Meanwhile, the tap coeffi- 
cient generator 9-3 for providing a tap coefficient to 
the last stage tap output defines the filter param- 
eters of the IIR type echo canceller 2. Therefore, a 
selector 5-3 for selecting one of input signals to be 
applied to the multiplier 6-6 is operated in an 
operational mode different from the selectors 5-1 
and 5-2 for selection of one of their input signals to 
be applied to the multipliers 6-4 and 6-5 respec- 
tively. In more detail, the selectors are connected 
at their input A to a signal 10 of zero level, at their 
input B to a signal 1 1 received from the adder 7-8 
(see Ftg. 2), and at their input C to a signal 12 
received from the net echo cancel error estimator 
20-2 (see Fig. 2), respectively. The selectors 5-1 
and 5-2 select their input signals on the basis of a 
control signal 13 received from the controller 17-2 
(see Fig. 2), while the selector 5-3 selects its input 
signals on the basis of another control signal 14 
received from the circuit 17-2 (see Fig. 2). 

Fig. 3 shows a detailed structure of the net 
echo cancel error estimator 20-2. The output 1 1 of 
an adder 7-8 equalized by the output of the equal- 
izer 18-2 corresponds to a difference between the 
receive signal and the echo replica output of the 
echo canceller 15-2, which difference will be re- 
ferred to as the echo cancel error signal, 
hereinafter. The net echo cancel error estimator 20- 
2 receives the output of the slicer 19-2 and the 
echo cancel error signal 11, and outputs the error 
signal 12 corrected based on an estimated value of 
the transmit signal received from the remote termi- 
nal and also outputs a far end signal level 26. The 
net echo cancel error estimator 20-2 comprises a 
far end signal level estimator 38, a multiplier 6-7 
and an adder 7-10 for correcting the echo cancel 
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error signal 11. The far end signal level estimator 
38 is made up of a multiplier 6-8 for performing 
multiplying operation of an output 41 of the slicer 
19-2 and the error signal 12 corrected based on 
s the estimated value of the transmit signal received 
from the remote terminal, a gain controller 4-5 for 
providing a predetermined gain to an output of the 
multiplier 6-8, and an adder 7-11 and a delay 
circuit 3-8 for performing integrating operation over 
10 an output of the gain controller 4-5. 

Explanation will then made as to the operation 
of the net echo cancel error estimator 20-2. First, 
the multiplier 6-7 calculates a product of the slicer 
output 41 and the far end signal level 26. An output 
rs of the multiplier 6-7 corresponds to the estimated 
value of the transmit signal received from the re- 
mote terminal at the then sampling point. The 
adder 7-10 subtracts the estimated value from the 
echo cancel error signal 11. The output 12 of the 
20 adder 7-10 corresponds to the error signal sub- 
jected to a correction of the components of the 
transmit signal received from the remote terminal, 
that is, the error signal indicative of a difference 
between an echo replica which the echo canceller 
25 is to generate in a full duplex data transmission 
mode and an actually generated echo replica. The 
multiplier 6-8 calculates a product of the slicer 
output 41 and the error signal 12 subjected to the 
component correction of the transmit signal re- 
30 ceived from the remote terminal. The output of the 
multiplier 6-8 is applied to the gain controller 4-5. 
The gain value of the gain controller 4-5, though 
not specifically defined, is set to be 1/2048 in the 
illustrated example, taking the convergence of the 
35 far end signal level estimator 38 into consideration: 
The adder 7-11 adds together the output of the 
gain controller 4-5 and the output of the delay 
circuit 3-8. The output of the adder 7-1 1 is applied 
to the delay 3-8. Such a series of operations as 
40 mentioned above are repeated to provide the far 
end signal level 26 as the output of the far end 
signal level estimator 38. 

The operation of the circuits of Figs. 1 and 2 in 
different phases or stages of the data communica- 
45 tion starting sequence, in particular, the operations 
of the selectors 5-1, 5-2 and 5-3 will be explained 
by referring to Fig. 5. 

The first phase of the data transmission start- 
ing sequence is represented by a time slot 71 in 
50 Fig. 5. The first phase corresponds to a duration 
from issuance of a transmission start command 
from the local terminal to the convergence of the 
echo canceller 15-2 to a certain extent. In this 
duration, the control signals 13 and 14 both specify 
55 the selection of the input B. Thus, the selectors 5- 
1, 5-2 and 5-3 all select the echo cancel error 
signal 11. This results in that the tap coefficient 
generators 9-1, 9-2 and 9-3 sequentially update 
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their tap coefficients to be multiplied by respective 
filter link signals in such a manner that the absolute 
value of the echo cancel error signal 11 becomes 
small. In this duration, only the transmit signal to 
be transmitted from the local terminal is present 5 
and the receive signal received from the remote 
terminal is not present. 

Then, when a convergence detection signal 46 
to be explained later is issued, this causes the data 
transmission starting sequence to be shifted to the io 
second phase (time slot 72). The second phase is 
a duration for waiting for the reception of a signal 
from the remote terminal, in which duration the 
control signal 13 specifies the continuous selection 
of the input B, while the control signal 14 specifies 75 
the selection of the input A. Since the tap coeffi- 
cient generator 9-3 for specifying the filter param- 
eters of the MR type echo canceller 2 receives the 
signal 10 of zero, the integration input becomes 
zero and thus the output of the tap coefficient 20 
generator 9-3 is held. The filter parameters of the 
IIR type echo canceller 2 is influenced greatly by a 
disturbance and thus, once the parameters are 
shifted from their optimum point, it requires a long 
time to restore to the optimum state. In the second 25 
phase, any signal from the remote terminal is not 
detected but there may exist an already received 
signal which is mixed into the echo cancel error 
signal 1 1 as a disturbance. For the purpose of 
avoiding such a problem, the output of the tap 30 
coefficient generator 9-3 is held as mentioned 
above. Meanwhile, the outputs of the tap coefficient 
generators 9-1 and 9-2 for specifying only the filter 
parameters of the FIR type echo canceller 1 are 
sequentially corrected so that the absolute value of 35 
the FIR type echo canceller 1 1 becomes still small. 
For this reason, even when erroneous setting is 
carried out due to a disturbance, the filter param- 
eters of the FIR type echo canceller 1 can be 
converged into its optimum value in a short time. 40 

Subsequently, when a reception detection sig- 
nal 47 to be explained later is issued, the transmis- 
sion starting sequence is brought into the third 
phase (time slot 73). In the third phase, the phase 
locked loop circuit 53-2, which has so far stopped 45 
its phase pull-in operation until the second phase, 
starts the phase pull-in operation in response to the 
control signal 54 received from the controller 17-2. 
The control signal 13 from the controller 17-2 
specifies the selection of the input C. This results so 
in that the tap coefficient generators 9-1 and 9-2 
receives the output 12 of the aforementioned net 
echo cancel error estimator, that is, the error signal 
corrected based on the estimated value of the 
transmit signal received from the remote terminal, 55 
and sequentially update their tap coefficients so 
that the absolute value of the error signal becomes 
small. Meanwhile, the control signal 14 still speci- 



fies the selection of the input A and thus the tap 
coefficient generator 9-3 still generates its output. 
The reason why the filter parameters of the IIR 
type echo canceller 2 is held in this way in the 
time slot 73 is as follows. The third phase is a 
transition duration during which the phase locked 
loop circuit 53-2 is converging to its optimum 
phase and the phase of the sampling time of the 
sampler 52-2 varies. Thus, there is a high possibil- 
ity that the slicer 19-2 produces a discrimination 
error. Generation of such a discrimination error 
causes the estimated value of the transmit signal 
from the remote terminal generated based on the 
discrimination signal to be also erroneous, so that 
the error is mixed into the error signal 12 as a 
disturbance. In order to prevent the fluctuations of 
the filter parameters of the IIR type echo canceller 
2 caused by the disturbance, the output of the tap 
coefficient generator 9-3 is still held. In this con- 
nection, for the purpose of preventing the mixing of 
the disturbance into the IIR type echo canceller 2 
in the second and third phases, it is not required to 
hold the filter parameters completely. For example, 
the IIR type echo canceller 2 can be slowly con- 
verged by making small the gain of the echo 
cancel error signal 1 1 and then applying it to the 
tap coefficient generator 9-3. 

When a synchronization pattern detection sig- 
nal 45 to be explained later is then issued, the 
transmission starting sequence is shifted to the 
fourth phase (time slot 74). A control signal 54 
causes the loop gain of the phase locked loop 
circuit 53-2 to be reduced to zero or a small value 
that is remarkably lower than that of the third 
phase. That is, in the fourth phase, synchronization 
is established between the local and remote termi- 
nals so that substantially no variation takes place in 
the sampling phase of the sampler 52-2. Accord- 
ingly, the possibility of generating a discrimination 
error in the slicer 19-2 is reduced. In this phase, 
the control signals 13 and 14 both specify the 
selection of the input C. As a result, the tap coeffi- 
cient generators 9-1 , 9-2 and 9-3 receives the error 
signal 12, whereby the filter parameters of the FIR 
type and IIR type echo cancellers 1 and 2 are 
sequentially updated so that the absolute value of 
the error signal 12 becomes small. 

Major features in the filter converging proce- 
dure shown in Fig. 5 are: 

(1) The converging operations of both of the FIR 
type and IIR type echo cancellers 1 and 2 are 
carried out in the first phase (time slot 71). 

(2) In the duration (time slots 72 and 73) from 
the detection of the convergence to a certain 
extent to the establishment of the synchroniza- 
tion, the parameters of the IIR type echo cancel- 
ler 2 are hold or at least IIR type echo canceller 
2 is slowly converged. 
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(3) In the duration (time slot 74) after the estab- 
lishment of the synchronization with the remote 
terminal, both of the FIR and MR type echo 
cancellers 1 and 2 again start their converging 
operation. 

Therefore, the embodiment may be modified in 
various ways so long as it follows such a featured 
converging procedure, so that any disturbance to 
the HR type echo canceller can be prevented and 
suitable convergence of the echo cancellers can be 
realized. 

Shown in Fig. 4 is a detailed arrangement of 
the controller 17-2 for generating the control sig- 
nals 13 and 14 according to the aforementioned 
first to fourth phases. 

Explanation will first be directed to that part of 
the controller 17-2 which generates the conver- 
gence detection signal 46. The echo cancel error 
signal 11 received from the adder 7-8 of Fig. 2 is 
connected to an integration circuit 39 which com- 
prises an absolute value circuit 29 for receiving the 
echo cancel error signal 11, an adder 7-12 and a 
delay circuit 3-1 4 connected in a loop. An output of 
the absolute value circuit 29 is sent to the adder 7- 
12. A transmission start signal 55 causes a timer 
30 to be started and to generate an output signal 
for a predetermined time duration, e.g., 3 msec. At 
a time point from which the duration starts, the 
output of the delay circuit 3-14 is reset, so that, at 
a time point at which the duration ends, the output 
of the integration circuit corresponds to the integra- 
tion of absolute value of the echo cancel error 
signal 11 within the above predetermined period. A 
comparator 31 compares the then integrated value 
with a threshold value Vt1. When the integrated 
value is smaller than the threshold value, the com- 
parator 31 generates the convergence detection 
signal 46. In this way, it is judged that the echo 
canceller 15-2 is converged. The judgement result 
is transmitted from the comparator 31 to a se- 
quencer 33 and control is shifted to the second 
phase for detection of the receive signal. When the 
integrated value is larger than the threshold Vt1, 
the control signal 55 issued from the sequencer 33 
to the timer 30 so that the timer 30 is again started 
and the above judgement is repeated until the 
convergence detection signal 46 is generated. 

In the second phase, the sequencer 33 again 
starts the timer 30 repetitively for a comparator 32 
to monitor the presence or absence of the transmit 
signal received from the remote terminal. When the 
transmit signal is transmitted from the remote ter- 
minal to the local terminal, the absolute value of 
the echo cancel error signal 11 is abruptly in- 
creased. Thus, the comparator 32 compares the 
integrated value with a threshold value Vt2 in the 
constant duration and when the integrated value is 
larger than the threshold value, the comparator 32 



issues an output as the reception detection signal 
47. The reception detection signal 47 is also sent 
to the sequencer 33 to shift the sequence to the 
third phase. 

s The shift to the third phase causes the se- 

quencer 33 to issue an equalizer control signal 34 
to the equalizer 18-2 to start its equalizing opera- 
tion. The sequencer 33 also issues the control 
signal 54 to the phase locked loop circuit 17-2 to 
io start the operation necessary for pulling the sam- 
pling phase of the sampler 52-2 into its optimum 
phase. The slicer 19-2 discriminates the equalized 
signal. The output 41 of the slicer 19-2 is utilized 
as a user data and also applied to a synchronize- 
rs tion detector 48. The synchronization detector 48, 
which comprises delay circuits 3-9 to 3-13, a 
matcher 27 and a modulo N counter 28, detects a 
synchronization pattern contained in the receive 
data. The synchronization pattern, though not spe- 
20 cif ically defined here, is + 3, + 3, -3, -3, -3, + 3, -3, 
+ 3, +3, for example, when the pattern is defined 
based on specifications by the American National 
Standards Institute. In this case, +3 or -3 is the 
normalization of amplitude value of a code on a 
25 line. Fig. 4 shows a synchronization detector for 
detecting a 4 symbol synchronization pattern for 
convenience of explanation. The output 41 of the 
slicer 19-2 is sequentially delayed at the delay 
circuits 3-9 to 3-12 at their reception intervals. 
30 Outputs of the delays 3-9 to 3-1 2 are applied to the 
matcher 27. The matcher 27 verifies the matching 
between the received output of the slicer 19-2 and 
a predetermined synchronization pattern at inter- 
vals determined by the modulo N counter 28. 
35 When finding the matching therebetween, the 
matcher 27 generates an output of "1". The output 
of the matcher 27 is held at a register. The holding 
timing is controlled by the output of the modulo N 
counter 28. Thus, when the output of the matcher 
40 27 matches with the synchronization pattern at 
intervals of the indication of the modulo N counter 
28, the register always generates an output of "1 
indicating that the synchronization detector detects 
the synchronization. When the output of the match- 
es er 27 does not match with the synchronization 
pattern at intervals of the indication of the modulo 
N counter 28, on the other hand, the register gen- 
erates an output of "0", indicating that the detector 
fails to detect the synchronization. The signal 45 
so indicative of the detection of the synchronization is 
applied to the sequencer 33 to thereby shift the 
sequence to the fourth phase. In this case, N in the 
modulo N counter 28 denotes 120 when the Ameri- 
can National Standards Institute is employed. 
55 As has been explained in the foregoing, in 

accordance with the present embodiment, the re- 
spective converging methods of the FIR and MR 
type filters forming the echo cancellers are suitably 
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selected in the respective phases of the data com- 
munication starting sequence. Since the employ- 
ment of the IIR type filter enables reduction of the 
number of taps in the FIR type filter, the circuits of 
the terminal apparatus can be suitably made in the 
form of an integrated circuit. 

Claims 

1. A full duplex data transmission terminal ap- 
paratus having a hybrid circuit connecting 
transmit and receive lines to a 2-wire transmis- 
sion line for performing data communication 
with a remote terminal on a full duplex trans- 
mission basis, comprising: 

an echo canceller (15-1, 15-2) for cancel- 
ing an echo generated on the receive line (51- 

1 , 51 -2) by a first digital signal applied onto the 
transmit line (50-1, 50-2), said echo canceller 
including an FIR type filter (1) for receiving the 
signal from the transmit line to generate a first 
component replica of said echo, an MR type 
filter (2) for receiving one tap output of said 
FIR type filter to generate a second compo- 
nent replica of said echo and coupling means 
(7-4, 7-9) for subtracting outputs of said FIR 
type and IIR type filters from the signal on the 
receive line; 

slicer means (19-1, 19-2) connected to an 
output of said coupling means for discriminat- 
ing a second digital signal transmitted from 
said remote terminal and arrived at said re- 
ceive line; 

filter converging means (20-1 , 20-2, 5-1 f 5- 

2, 5-3) for converging said FIR and IIR type 
filters on the basis of an error signal obtained 
from the output of said coupling means re- 
spectively; 

data communication starting step detection 
means (30, 31 , 39, 48) for monitoring whether 
or not convergence of said echo canceller is 
attained to a certain extent and whether or not 
a synchronization pattern is present in an out- 
put signal train of said slicer means and for 
setting a duration from start of transmission of 
said first digital signal to detection of the at- 
tainment of the convergence, a duration until 
detection of said synchronization pattern and a 
duration after the detection of said synchro- 
nization pattern to be first, second and third 
durations respectively; and 

control means (33, 5-1, 5-2, 5-3) for en- 
abling the converging operation of both of said 
FIR and IIR type filters by said filter converg- 
ing means in said first and third durations and 
for stopping the converging operation at least 
IIR type filter in said second duration. 
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2. A full duplex data transmission terminal ap- 
paratus having a hybrid circuit connecting 
transmit and receive lines to a 2-wire transmis- 
sion line for performing data communication 
5 with a remote terminal on a full duplex trans- 

mission basis, comprising: 

a sampler for sampling the signal on said 
receive line; 

a phase locked loop circuit for controlling a 
io sampling phase of said sampler; 

an echo canceller for canceling an echo 
generated on the receive line by a first digital 
signal applied onto the transmit line, said echo 
canceller including an FIR type filter for receiv- 
es ing the signal from the transmit line to gen- 
erate a first component replica of said echo, an 
IIR type filter for receiving one tap output of 
said FIR type filter to generate a second com- 
ponent replica of said echo and coupling 
20 means for subtracting outputs of said FIR type 
and IIR type filters from the signal on the 
receive line; 

slicer means connected to an output of 
said coupling means for discriminating a sec- 
25 ond digital signal transmitted from said party 

remote terminal and arrived at said receive 
line; 

filter converging means for converging 
said FIR and IIR type filters on the basis of an 

30 error signal obtained from the output of said 

coupling means respectively; 

data communication starting step detection 
means for monitoring whether or not conver- 
gence of said echo canceller is attained to a 

35 certain extent and whether or not a synchro- 

nization pattern is present in an output signal 
train of said slicer means and for setting a 
duration from start of transmission of said first 
digital signal to detection of the attainment of 

40 the convergence, a duration until detection of 

said synchronization pattern and a duration 
after the detection of said synchronization pat- 
tern to be first, second and third durations 
respectively; and 

45 control means for enabling the converging 

operation of both of said FIR and IIR type 
filters by said filter converging means in said 
first and third durations, for stopping the con- 
verging operation at least IIR type filter in said 

50 second duration, and for stopping said phase 

locked loop circuit or making a loop gain of the 
phase locked loop circuit smaller than at least 
in the second duration in said third duration. 

55 3. A full duplex data transmission terminal ap- 
paratus as set forth in claim 1 or 2. wherein 
said filter converging means includes a plural- 
ity of tap coefficient generators for calculating 
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their tap coefficients a plurality of tap outputs 
of said FIR type filter according to said error 
signal, said control means for holding one of 
the tap outputs of said plurality of tap coeffi- 
cient generators connected to said IIR filter in 5 
said second duration. 

4. A full duplex data transmission terminal ap- 
paratus as set forth in claim 1 or 2, wherein 
said data communication starting step detec- w 
tion means, when an integrated value indica- 
tive of integration of an absolute value of said 
error signal with respect to a predetermined 
time is smaller than a first threshold, judges 
that the convergence of said echo canceller is is 
attained to a certain extent and detects end of 
said first duration. 

5- A full duplex data transmission terminal ap- 
paratus as set forth in claim 1 or 2, further 20 
comprising error correction means for creating 
an estimated value of a far end signal on the 
basis of an output of said slicer means and for 
correcting said error signal on the basis of said 
estimated value, and wherein said filter con- 
verging means converges said FIR and IIR 
type filters according to an output of said error 
correction means. 

6. A full duplex data transmission terminal ap- 
paratus having a hybrid circuit connecting 
transmit and receive lines to a 2-wire transmis- 
sion line for performing data communication 
with a remote terminal on a full duplex trans- 
mission basis, comprising: 

an echo canceller for canceling an echo 
generated on the receive line by a first digital 
signal applied onto the transmit line, said echo 
canceller including an FIR type filter for receiv- 
ing the signal from the transmit line to gen- 
erate a first component replica of said echo, an 
IIR type filter for receiving one tap output of 
said FIR type filter to generate a second com- 
ponent replica of said echo and coupling 
means for subtracting outputs of said FIR type 
and IIR type filters from the signal on the 
receive line; 

slicer means connected to an output of 
said coupling means for discriminating a sec- 
ond digital signal transmitted from said remote so 
terminal and arrived at said receive line; 

error correction means for creating an es- 
timated value of a far end signal on the basis 
of an output of said slicer means and for 
correcting a first error signal issued from an 55 
output of said coupling means to form a sec- 
ond error signal; 

data communication starting step detection 



means for monitoring whether or not conver- 
gence of said echo canceller is attained to a 
certain extent and whether or not a synchro- 
nization pattern is present in an output signal 
train of said slicer means and for setting a 
duration from start of transmission of said first 
digital signal to detection of the attainment of 
the convergence, a duration until detection of 
said synchronization pattern and a duration 
after the detection of said synchronization pat- 
tern to be first, second and third durations 
respectively; and 

filter convergence control means for con- 
verging both of said FIR and IIR type filters 
according to said first error signal in said first 
duration, for stopping the convergence of at 
least said IIR type filter in said second dura- 
tion, and for converging the both FIR and IIR 
type filters according to said second error sig- 
nal in said third duration. 



7. A full duplex data transmission terminal ap- 
paratus as set forth in claim 6, wherein said 
filter convergence control means includes a 
25 plurality of tap coefficient generators for cal- 

culating tap coefficients for a plurality of tap 
outputs of said FIR type filter respectively and 
a plurality of selection means for selectively 
connecting either one of said first and second 
30 error signals and a zero signal to associated 

one of said plurality of tap coefficient gener- 
ators according to an output of said data com- 
munication starting step detection means: 

35 8. A full duplex data transmission terminal ap- 
paratus as set forth in claim 6, wherein said 
data communication starting step detection 
means further includes a signal reception de- 
tector for detecting that said second digital 
40 signal arrives at said receive line in said sec- 

ond duration and said filter convergence con- 
trol means converges said FIR type filter ac- 
cording to an output of said coupling means in 
a part of said second duration before genera- 
45 tion of an output of said signal reception detec- 

tor or according to said error signal after the 
generation of the output of said signal recep- 
tion detector. 



9. A full duplex data transmission terminal ap- 
paratus as set forth in claim 8, wherein said 
signal reception detector, an integrated value 
indicative of integration of an absolute value of 
an output of said coupling means with respect 
to a predetermined time is larger than a sec- 
ond threshold value, judges that said second 
digital signal arrives at said receive line. 
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© Terminal apparatus for full-duplex data transmission having an echo canceller. 



© A terminal apparatus for full duplex transmission 
of digital data comprising an echo canceller having 
FIR and IIR type filters (1, 2) and also comprising a 
filter convergence controller. The filter convergence 
controller performs its converging operation over 
both of the filters in a first duration of a communica- 
tion starting sequence from the start of transmission 
from a local terminal to a remote terminal to the 
detection of the convergence of the echo canceller 
to a certain extent, stops the converging operation of 
the IIR type filter in a second duration of the com- 
munication starting sequence from the detection of 
the convergence to the detection of synchronization 
with the remote terminal, and again performs the 
converging operation of the both filters in a third 
duration after the detection of the synchronization. 
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